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Figure 4. Microphone Selection and Orientation (aiming) in an Orchestral Setup like Figure 3.
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You will observe that there are very few microphones actually covering the strings, but 
you are primarily focusing your spot mics on the front rows… which means on the solo 
players. For this type of microphone you want a directional mic that is somewhat omni. 
The Neumann KM-56 in “cardioid” mode is a perfect example of the type of microphone you 
would use. It has what you’d call “good reach,” which means you can pick up a lot of 4kHz at 
a distance. This is ideal for strings. 

            
Figure 5. Neumann KM56 small-capsule condenser microphone response characteristics. 
This on-axis frequency response is shown with the mic adjacent to it, and below that are 

polar plots at one-octave intervals from 125 Hz to 16 kHz. This Mic has multiple sensitivity 
patterns and is shown here set to “Cardioid” (heart-shaped) mode which really only applies 

to some of the frequency spectrum, as you  can see in the polar plots. See Figures 10 & 11 also.

In sharp contrast to this type of mic, for the brass you would want to use something like 
a ribbon mic, an RCA 44 or a Royer 121. The reason for that is because they have very poor 
reach which means that the 4kHz will not be predominant. What you’ll get is a lot of warmth 
from the 400 Hz range, which ends up disappearing on the Decca Tree mics. There is more 
than enough 4kHz coming across on the Decca Tree from the brass than “the law allows,” so 
the last thing you need to do is use a brass spot mic that accentuates the one thing you’re 
always trying to fight.

The other advantage in using a ribbon mic on the brass is that all ribbon mics are 
inherently figure-8 pattern. This means that there will be a slight pickup of the strings on 
those mics which gives you a nice depth of field on the strings due to mic bleed (i.e., strings 
bleeding into the brass mics on the other side of the stage). 

{See illustrations on the following page for the RCA (AEA reissue) and Royer mics}
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Figure 6. The AEA 44 Ribbon Microphone is a reissue of the original RCA 44-BX and is 
almost identical. The frequency response and polar plots shown are that of the RCA mic, 

and show the figure-8 sensitivity pattern of this mic. The “lobes” are identical toward the front 
and rear of the mic (you are viewing the front of the mic in this photo). 

 	        
Figure 7. The Royer Labs R-121 ribbon microphone looks physically quite different 

from the RCA 44 but has a similar figure-8 pattern, although it’s high frequency response 
is considerably extended (at least according to the plotted on-axis curve). The figure-8 

plots are arbitrarily oriented differently from the RCA; obviously you can turn the mic. 

With respect to the woodwinds, you want to avoid using a microphone that picks up a 
great deal of 6 kHz and 10 kHz. Typically you would use either a dynamic mic or a condenser 
mic . The main objective with the woodwinds is to pick up some 4 kHz but not a great deal of 
the clacking noises that the mechanics of the instruments make. On a bassoon the key clacks 
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can be almost as loud as the actual instrument sound. A microphone like an AKG C-12, for 
instance, would be one of the worst you could use for orchestral woodwinds because it has 
great reach at 8 kHz and 10 kHz, but the bottom end slacks off considerably at a distance. 
The bottom end, meaning the low frequency content, of a bassoon and a bass clarinet for 
instance tend to dwindle when heard over M-50’s. M-50’s do a tremendous job of picking up 
anything under 100 cycles, so they are ideal for an overall warm sound for the orchestra. 
However, in the 400 Hz region, which is the area you want to pick up for woodwinds, the 
M‑50 stays omni. The M-50 response shown in Figure 2 depicts flat response on-axis up to 
about 1 kHz, and then a higher frequency bumps peaking at about 3 kHz and 8 kHz, and 
near omni polar response below 2 kHz, with only a slight cardioid developing up to 8 kHz; 
cardioid like response (equal to “reach”) becomes prominent in the 16 kHz polar plot. 

So you’d want to choose a microphone for bassoon and bass clarinet with good 400 Hz 
pickup such as an ElectroVoice dynamic mic or an RCA 77 or 44 ribbon mic (refer back 
to Figure 6). Ribbon mics, in general, are excellent on anything to do with pulse width or 
square wave content. The odd harmonics generated in these waveforms tend to distort 
condenser mics. Ribbon mics tend to add a lot of even harmonics on top of the odd harmonics, 
which is why people like to use ribbon mics on saxophones. They say that it sounds warm; it 
does because instead of getting a distorted sound as you would with a condenser mic, you get 
a sort of smoothed out square wave.

Where French Horns are concerned, you typically mic them from behind. This gives you 
the focus from the bell, which is pointing backwards. The danger is getting your microphone 
too close to the bell. So if you take this approach you have to be a good 8 to 12 feet behind 
the instrument so the low frequencies have a chance to develop and you don’t end up with 
a ‘pinched honk.’ Another technique is to have the bell of the French Horns facing a hard 
surface, such as wood, and mic the French Horns from in front so you’re picking up a 
reflected sound rather than a direct sound from the back. This also works very well and the 
capsule is pointing in the same direction as the Decca Tree. Any time you point the front end 
of a capsule directly at the front end of the Decca Tree mics you immediately create a phase 
problem when the two are mixed. Most people use either an AKG C-12a or a Coles BBC 
ribbon mic or a Royer 121 for French Horns, all of which have similar characteristics.
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Celli and Bass

The Neumann U-47 is probably best known as “The Beatle Mic” from the Beatles rock 
group. All the vocals on “Sergeant Pepper,” “Magical Mystery Tour,” and “Abbey Road” 
were made with this particular mic. Typically it’s used for male vocals because it has a 
tremendous warmth in the 400 Hz region, even at 3 feet distance. Almost every large capsule 
mic has dreadful reach in the 400 Hz region the further away you get from it. I recorded all 
celli and bass using the U-47 as the primary spot mic (with a KM-56 three feet behind it to 
simulate the second chairs). 

	    
Figure 8. Neumann U-47 large-capsule condenser microphone characteristics. Known as 

“The Beatles Mic” for its popularity on their albums as a vocal mic, it’s also good for celli & bass.

Large vs. Small Capsule Condensers

Originally all condensers were large capsule types designed by Neumann specifically to 
enhance Adolph Hitler’s voice during Nuremburg rallies. The evolution of the exact mic 
known as “The Hitler Mic” became the ubiquitous U-87 today. Small capsule microphones 
came about in the early 1960s, 1961 to be precise, when black and white TV broadcasts 
were done of concerts and various performances. The viewing public soon became very 
disenchanted with physically bulky, large capsule microphones covering the faces of all 
the performers, so the Deutche Rundfunk contracted Neumann to produce a small capsule 
microphone that would not get in the way of the performers. Hence the KM-56 was born 
(refer back to Figure 5). It was a direct replacement of the M-49 multi-pattern microphone. 
As it turns out, small capsule microphones have some added benefits which were discovered 
as an artifact after their initial design. For one thing the 400 Hz tail-off proximity effect with 
distance disappeared with a small capsule mic, which instead does an excellent job of picking 
up low frequency information at a distance. The first Decca Tree that Tony Faulkner put 
together actually used KM-56’s set to “Omni” mode. However if you compare the KM-56 high 
frequency polar response to it’s extreme low frequency polarity, you’ll see why Tony then 
asked Neumann to build him the M-50, which as you can see keeps a much more unified low 
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frequency pattern with a nice pin-point (directional) top end. Neumann accomplished this 
by taking the KM-56 capsule and putting it inside a little plastic ball, mounting the capsule 
off center. This seemed to do the trick, and this is still the most common mic used today for 
Decca Tree’s all over the world. 

Percussion

If you’re going to record percussion outside of the orchestral context, the Telefunken 
251 works for most things. It’s a large capsule condenser mic. However, this microphone 
also has a great deal of bleed issues when used with large setups, so one tends to use very 
directional mics in an orchestral setting. That way you can get right on the instrument with 
minimal bleed. Keep in mind that everything we’ve set up for Space has to do with the type 
of orchestral recording  that one would do for the film market, and not for classical recording. 
Classical recording relies mainly on the Decca Tree and perhaps one or two spot mics at 
most. So in our percussion recordings, we largely relied upon the Neumann KM-54.

	   
Figure 8. Neumann KM-54 Cardioid-only small-capsule tube type condenser microphone.

In general, you are choosing your microphone first and foremost for it’s EQ properties. 
Every microphone has a reach characteristic that is predominant at one or a few frequency 
bands. Ribbon mics have a predominant reach at 400 Hz. Large capsule condensers have a 
reach at 4 kHz. Small capsule condensers have a great reach at 8 kHz and above. Almost 
all microphones have pretty much similar characteristics close up, except for the following 
general observations:

At close proximity, square waves behave very badly on any condenser microphone, large 
or small capsule. There isn’t a condenser mic made that can handle a blues harmonica at 
three to four inches from the capsule while the harmonica is playing full tilt. No amount 
of padding will make it sound right. I you have to mic in close proximity to square and 
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pulse wave generating instruments, you can only use either a dynamic or a ribbon mic. 
You can use a condenser microphone for vocals, except that small condenser microphones 
have a problem with “popping” because they deal badly with close proximity, low frequency 
information (they’re fine for distant low frequency use). In fact, this is why all overhead mics 
are all small capsule condensers; contrary to what would seem logical, the small capsule 
condenser actually does a better job of picking up low frequencies at a distance than does 
the large capsule condenser. Close up, the large capsule condenser handles low frequency 
information elegantly, with little distortion. The large capsule condenser is one of the worst 
you can use for a room mic because it has dreadful reach below 100 Hz. You’ll get a lot of 
4 kHz and that’s about it. 

Orchestral Mixdown

As you can see from the spot mic versus overhead mic layout (Figure 3), a standard film 
score orchestral setup is in fact a conglomeration of two separate recording techniques that 
are put together in the final product. The process is described below in 6 steps.

Step 1.	 Balance your spot mics so that they make a perfectly well-balanced orchestra 
without the overhead mics. The sound should be somewhat midrangy and I wouldn’t 
use the word “strident” but let’s just say, extremely ‘in your face.” You want to 
spread these microphones left-to-right in the mix so you get the proper stereo 
imagery solely from these spot mics.

   

MUTE

Zone  01 Zone  02 Zone  03 Zone  04 Zone  05 Zone  06 Zone  07 Zone  08 Zone  09 Zone  10 Zone  11 Zone  12 Zone  13 Zone  14 Zone  15

Perc 1 Perc 2 Perc 3 Perc 4 Perc 5 French H. Vlns rear Winds Vla rear Brass Vlns side Vlns front Celli front Celli rear

KM-54 KM-542 KM-54 KM-54 KM-54 Royer KM-65 RE-20 KM-56 RCA-44 KM-56 KM-56 -----------

-----------
U-47 U-47

Note: Zones Refer to Space-related definitions of the recording environment. 
Zone 13 is not used because that’s where the conductor stands. In this and subsequent
mix diagrams, a colored “zone” is one that’s unmuted, whereas a gray zone is muted.
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Figure 9. Setting up the orchestral mic balance among spot mics only.
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Step 2. 	 Mute the spot mics.

     

MUTE MUTE MUTE MUTE MUTE MUTE MUTE MUTE MUTE MUTE MUTE MUTE MUTE MUTE MUTE

Zone  01 Zone  02 Zone  03 Zone  04 Zone  05 Zone  06 Zone  07 Zone  08 Zone  09 Zone  10 Zone  11 Zone  12 Zone  13 Zone  14 Zone  15

Perc 1 Perc 2 Perc 3 Perc 4 Perc 5 French H. Vlns rear Winds Vla rear Brass Vlns side Vlns front Celli front Celli rear

KM-54 KM-542 KM-54 KM-54 KM-54 Royer KM-65 RE-20 KM-56 RCA-44 KM-56 KM-56 -----------

-----------
U-47 U-47
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Figure 10. Mute all spot mics once the balance is set. 

Step 3. 	 Bring up the first 3 mics (L-C-R) of the Decca Tree. Focus them on the orchestra so 
they sound right (this of course has to be done in real time while the musicians are 
playing). The azimuth alignment of these microphones will dictate how much 8 kHz 
directivity is present in that mic. If you tilt it further up you’ll tend to get more 
8 kHz out of the woodwinds and percussion; if you tilt it down you’ll tend to get 
more 8 kHz out of the strings. In other words, using your mic as an equalizer has 
everything to do with proximity effect and tilt direction. Utilize the efficiencies, as it 
were, of the microphone’s pattern and reach for equalization. 
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M-50 M-50 M-50 M-50 M-50 M-50 M-50{
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Figure 11. Unmute and bring up the 3 main Decca Tree mics. 
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Step 4. 	 Bring in the far left and the far right mics. What you want from them is a sense 
of extreme ‘edge’ at the far left and right. If you have them up too hot in the mix, 
you’ll get too much left and right, and you’ll lose the phantom center. Keep in mind 
that the far left and right microphones are there specifically to generate a phantom 
center, which is just as important as your genuine center channel. When you bring 
them up too high you actually lose the phantom center and they become too “left” 
and too “right.” The proper way to bring them up is gradually into a sweet spot 
where it still feels very wide, but the center is also good. It sounds transparent.
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Zone  16 Zone  17 Zone  18 Zone  19 Zone  20 Zone  21 Zone  22

Far L. Left Center Right Far R. Surround L. Surround R.

M-50 M-50 M-50 M-50 M-50 M-50 M-50{
Decca tree

Figure 12. Bring up the far left and far right “extended” Decca Tree mics

	 When your tree is set up properly you can stand back and just hear a clear 3D 
image without necessarily being able to pinpoint Left-Center-Right. It should be a 
magic wash. If you distinctively hear a distinct L-C-R, then you know something is 
wrong.
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Step 5. 	 Once all five microphones are properly balanced among the Decca Tree and 
extended far left and right, use either a collective fader or very carefully bring down 
all 5 faders preserving the relationship. Unmute the spot mics. Then slowly bring 
up the Decca cluster. You are listening for a “magic spot” where the Decca Tree 
supports the spot mics with a widening of your stereo image. If you go past this 
point, you’ll notice an extreme lack of clarity in the 4 kHz range; it will sound too 
“swimmy” and indistinct. Find the sweet spot where you get the amount of ‘point’ as 
it’s called out of the spot mics while having a nice smooth, wide stereo image. I have 
found that if everything is set to unity gain to begin with, that you’ll typically bring 
your overhead mic cluster down about 3 to 4 dB relative to the spot mics. When 
it’s just right, you will get a third component, which is a 3D depth to the sound 
recording. This is a critical aspect to listen for. If you can actually sense, say, the 
oboe playing from the back row and the first violin playing from the first row, then 
you know you’ve made the proper balance of Decca Tree (extended) and spot mics.
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-----------
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Figure 13. With spot mics and Decca Tree unmuted, bring up the Decca Tree in the mix.
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Step 6.		 Now slowly bring up the surround mics into the mix. The surround mics are not 
there to let you distinctly hear sounds coming from behind you. The purpose of 
the surround mics is to further widen the stereo field. When you go beyond that 
point you’ll hear specific sounds coming from behind you; you know then you’ve 
brought up the surrounds too loud in the mix. Again, like everything else to do with 
balancing spots and rooms, there is always that “magical sweet spot” where you 
sense a 3D effect of actually being in the room with the   musicians. That is what we 
are trying to achieve with all of this.
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Figure 14. Finally, unmute the surround mics and carefully bring them into the mix.



©2005, 2010 Audio Impressions, Inc., Calabasas, CA“Orchestral Recording Techniques’ by Christopher L. Stone Page 16

Additional Mic Patterns

We are providing a few additional microphone plots in the next couple of pages. For 
instance, the KM-56 shown in Figure 5 is characterized by a cardioid sensitivity pattern, 
but the same microphone actually can be set to x different curves. We are showing the 
characteristics when it is set to“Omnidirectional” mode in Figure 10, and when it is set to 
“Figure-8” mode in Figure 11.

          

Figure 10. Neumann KM-56 mic set to “Omni” position (see dot at base of mic). Note how 
it is more-or-less omnidirectional up to 4 kHz, but becomes egg-like at 8 kHz and 

a near perfect “Figure-8” pattern at 16 kHz. As noted in the text, we really don’t know 
at what distance these measurements were made, and the ‘real world’ polar response 

may vary at the working distance we use for a particular recording session.
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Figure 11. KM-56 mic set to “Figure 8” position (see dot at base of mic). Here there is a 

surprisingly consistent figure-8 pattern at all plotted frequencies.

Understand that the microphones we used to record the sample sessions were not 
necessarily the same mics we would use for a live, real-time, full orchestra recording of a 
piece of music. For example, We used the Royer 121 or RCA (AES) 44 on the woodwinds; 
these would not have worked well in a full-orchestra session because they are bi-directional 
(figure-8) and would have picked up too much of the strings “behind” them. However, in 
Space we want to simulate the sound of a mic we would have used in a live session, such as 
an ElectroVoice RE-20. The frequency response and polar patterns for that mic are shown in 
Figure 12.

 	             

Figure 12. ElectroVoice RE-20 cardioid dynamic microphone.
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Summary

With respect to Audio Impressions’ patented SPACE process, understanding how 
microphones react to frequency bands and proximity effect will help us to determine 
approximate settings for zone microphone polar pattern, frequency response over distance, 
and frequency response as it relates to the direction in which the simulated mic is pointed. 
All the rest – delay times, etc. – remain as previously described. The purpose of SPACE is 
to simulate multiple instruments playing in front of multiple microphones simultaneously 
in a proscribed acoustic environment. SPACE is not truly a mic simulator nor is it a 
room simulator but rather it’s a mic bleed simulator and, to a degree, a room simulator. 
The desired effect is to pan the dry-signal spot mic to it’s desired position in the stereo 
perspective so that we get ‘point’ from the direct signal while all the other simulated spot 
microphones and room microphones give us that 3D effect. 

SPACE, particularly when fed with DER™ samples (Differential Environmental 
Recording is Ai’s proprietary merge of room and spot microphones) can create, in real time, 
whatever output format you wish. The result sounds just as though it was stemmed and 
mixed from all the open spot mics, the Decca Tree, the extended far left and far right mics, 
and the surround mics in a live ensemble recording. SPACE however may be used to process 
existing samples and other sounds, imbuing them with an ensembled, unified feel to produce 
a sonically improved result.

***
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